A systematic study of the influence of solvent on the crystal packing behaviour of Reichardt's dye demonstrates that the structure of the assembly formed in the solid state depends on the nature of the solvent-solute interactions present in the solution phase. Apolar aprotic solvents lead to solvates with a hexagonal channel topology, but this supramolecular assembly is perturbed by the presence of aromatic or polar protic solvents.
A systematic study of the influence of solvent on the crystal packing behaviour of Reichardt's dye demonstrates that the structure of the assembly formed in the solid state depends on the nature of the solvent-solute interactions present in the solution phase. Apolar aprotic solvents lead to solvates with a hexagonal channel topology, but this supramolecular assembly is perturbed by the presence of aromatic or polar protic solvents.
Solvatomorphism is important in determining the properties of molecular solids, including solubility, physical and chemical stability. 1, 2 Consequently, solvatomorphism plays a key role in a number of fields including pharmaceuticals, pigment chemistry and materials science. [1] [2] [3] In supramolecular chemistry, the role of solvent is crucial in controlling both the formation of self-assembled structures and host-guest chemistry. [4] [5] [6] Reichardt's dye 1 ( Fig. 1) is a pyridinium N-phenoxide betaine that was used to develop the E T (30) solvent polarity scale. 7 The solution behaviour of 1 has been the subject of intense interest, due to applications in thermochromism, 8 solvatochromism, 9 piezochromism 10 and halochromism, 11 and 1 has been employed to study the properties of micellar environments and binary liquid mixtures. 7, 11 However, reports on the solid-state behaviour of 1 are rare.
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The high solubility of 1 in a wide range of solvents makes it ideal for investigating the influence of crystallisation solvent on packing in the solid state. The only crystal structures of 1 that have been reported to date are the solvates of ethanol and iso-propanol, which are isostructural. 12 Crystal structures of the protonated form of Reichardt's dye have also been obtained by crystallisation in the presence of nitric and sulphuric acid. 14 Here, we report a systematic study of solvatomorphism of 1 based on crystallisation experiments in a wide range of different solvent systems. Two crystallization methods were employed for the growth of single crystals: (i) slow evaporation of a solution of 1; (ii) vapour diffusion of n-hexane or diethyl ether into a solution of 1. Single crystals suitable for X-ray diffraction were obtained from the following solvents: (i) apolar aprotic (chloroform, dichloromethane, 4-methylanisole and chlorobenzene); (ii) polar aprotic (ethyl acetate, acetonitrile, 1,4-dioxane and acetone); (iii) polar protic (methanol, ethylene glycol and 1-octanol). Six distinct new packing arrangements were found (Table 1) . Crystallisation experiments in pyridine, toluene and DMSO did not yield single crystals suitable for structure determination.
Crystallisation by vapour diffusion of diethyl ether into solutions of 1 in chloroform, dichloromethane, acetonitrile, and 1-octanol all gave the same hexagonal topology with channels running along the c axis (Fig. 2) . The same structure was obtained by slow evaporation from ethyl acetate. The channels have a minimum internal diameter of 7.2 Å (ref. 15) and are filled with disordered solvent molecules. 16 All of the crystal structures with the 7.2 Å channel packing arrangement were very similar. It was not possible to identify the solvent unambiguously from the diffuse electron density, but the largest density was found consistently to lie close to the surface of the channels (i.e. close to the surface of the cylindrical mesh defined in Fig. 2 ). Applying the SQUEEZE procedure within PLATON 16 indicated a total electron count per unit cell typically close to 1200. The porous packing arrangement is built from one key intermolecular interaction, in which the O atom of the C-O − group accepts three C-H⋯O H-bonds from aromatic protons, 18 and one phenyl ring makes an aromatic stacking interaction with the pyridinium ring (see ESI † for details).
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The interaction introduces a 120°angle between the central cores (along the C 2 axis) of the molecules. Each molecule makes two sets of such interactions, symmetrically related by a 2-fold rotation about its central core, producing a "trigonal node" that enables formation of the hexagonal structure. The pyridinium ring of each molecule is sandwiched between two phenyl rings from two different dye molecules. The hexagonal packing arrangement is surprisingly robust. When the solvent was allowed to evaporate entirely following crystallisation from chloroform/Et 2 O, the integrity of the crystals was maintained, and the same crystal structure was obtained, except that the electron density due to solvent in the channels was effectively absent. This is the first example of a solid-state structure of Reichardt's dye that does not contain solvent molecules. Interestingly, the colour of the crystals changed from red to green when the solvent was evaporated. Table 1 shows that three different colours were observed for crystals that all have the hexagonal packing arrangement shown in Fig. 2 . Reichardt's dye 1 is solvatochromic, and clearly the sensitivity of the absorption spectrum to environment also extends to the solid state. 13b Solvents that compete with the interactions stabilising the hexagonal channel structure shown in Fig. 2 would be expected to promote different crystalline forms of 1. A clear example was found for the aromatic solvents chlorobenzene and 4-methylanisole, which produce isostructural solvate crystals. Intermolecular interactions between the dye molecules in the solvate structure are identical to those in the hexagonal channel structure, and the structures retain 1-D similarity with the O atom of the C-O − group accepting C-H⋯O H-bonds from aromatic protons 18 (see ESI †). However, the symmetry-related intermolecular interaction that produces the trigonal node in the hexagonal structure is not present. Instead, the dye molecules lie in layers that are stacked to generate channels of internal diameter 4.0 Å, which are filled with solvent molecules (Fig. 3 ). For chlorobenzene, the solvent molecules are disordered across inversion centres in clearly defined sites, one of which is sandwiched between the pyridinium rings of dye molecules. This interaction is clearly a competitor to the phenyl-pyridinium aromatic interactions that build the trigonal nodes of the hexagonal structure. For the 4-methylanisole solvate, it is harder to unravel the observed crystallographic disorder, but the electron density within the channels indicates that the solvent molecules adopt positions comparable to those of chlorobenzene. The polar aprotic solvents 1,4-dioxane and acetone gave different solvate crystal structures that are built from common 2-D sections. The principal intermolecular interaction between dye molecules is closely related to that in the hexagonal channel structure, retaining the C-H⋯O H-bonds from the phenyl rings to the C-O − group. However, the relative orientation of one molecule is mirrored compared to the arrangement in the hexagonal structure, and the accompanying aromatic interaction between the phenyl and pyridinium rings is not present (see ESI †). The packing arrangement illustrated in Fig. 4 shows 1,4-dioxane molecules occupying The channels contain disordered solvent, 16 and the dimensions of the channel are illustrated using the mesh image calculated using CAVER (right).
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Fig . 3 Packing arrangement in single crystals of 1 obtained by slow evaporation of chlorobenzene displaying the 4.0 Å channel structure as viewed along the a axis. The channels are filled with disordered solvent molecules, and the dimensions of the channel are illustrated using the mesh image calculated using CAVER (right). 15 An identical structure is formed with 4-methylanisole.
channels with a minimum diameter of 4.6 Å. 15 The dioxane molecules sit directly above the pyridinium rings of the dye molecules, with a lone pair on O clearly directed towards N + .
The acetone solvate contains dye molecules forming identical 2-D sections, but stacked to form a more condensed structure (where the bumps in each 2-D section fit into the hollows of its neighbour; see ESI †). The acetone molecules again cap the pyridinium ring in each dye molecule via O⋯N + interactions, but they occupy discrete pockets in the structure rather than continuous channels. When polar protic solvents were used for crystallisation, the resulting crystal structures contained intermolecular O-H⋯O H-bonds to the C-O − group of 1. This does not necessarily prevent the C-O − group from interacting with other dye molecules in the manner described previously. Indeed, the isostructural ethanol and isopropanol solvates 12 contain the same 2-D sections that are seen in the 1,4-dioxane and acetone solvates, and the alcohol solvate structures are very closely comparable to the acetone solvate. The difference arises in the relative positions of adjacent 2-D sections of dye molecules, with the alcohol molecules being accommodated in pockets constructed between the pendant phenyl groups; there are no interactions between the solvent and the pyridinium rings as seen for dioxane and acetone. The pyridinium rings are instead involved in a centrosymmetric pairing of dye molecules (see ESI †).
Further structures including O-H⋯O H-bonds were obtained when crystals were grown by vapour diffusion of hexane into a solution of 1 in ethylene glycol or chloroform. In the latter case, adventitious water was incorporated into the structure, and the unit cell contains four molecules of 1, three molecules of chloroform and four molecules of water. In the ethylene glycol solvate, the solvent molecules crowd around the C-O − group, so there are no interactions between dye molecules of the type seen in the hexagonal structure (Fig. 5) . Similarly, in the CHCl 3 /H 2 O solvate, one molecule of 1 is also involved in an intermolecular C-H⋯O H-bond with a chloroform molecule (see ESI †). 19 Two molecules of 1 form intermolecular H-bonds with isolated water molecules and the fourth molecule of 1 interacts with a cluster of six water molecules (Fig. 6) . 20 In this structure, the CHCl 3 molecules also approach the pyridinium ring of 1 via Cl⋯N + interactions, as seen for dioxane and acetone. A closely-related structure was obtained by crystallisation from methanol. In this case, the X-ray structure clearly resolves the O atoms of the solvent molecules, but there is no indication of any electron density corresponding to the Me groups; thus, the structure appears to contain only water (see ESI †). Reichardt's dye clearly has a rich solid-state chemistry. The rugged topology of the molecule makes packing difficult and results in crystal structures that must incorporate solvents in order to fill space. The packing arrangement depends on the nature of the solvent, leading to extensive solvatomorphism. The frequently obtained crystal structure has 7.2 Å diameter hexagonal channels that are occupied by crystallographically-diffuse solvent. The structure is stabilised by aromatic interactions and C-H⋯O H-bonds between dye molecules, and is robust to removal of the solvent. Aromatic or polar protic solvents that can compete with these interactions generally lead to different packing arrangements. Six different structures were obtained by crystallisation from different solvents, including two other channel topologies of different diameters (4.6 and 4.0 Å). The results suggest that solvent-solute interactions that are present in the solution phase can be used to influence crystal packing in the solid state.
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